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Biotic stresses is caused in plants due to damage instigated by other organisms, like 
insects, disease (fungal, bacterial, and viral), which are major limitations to crop 
yield. The cellular response to biotic stress is an oxidative and nitrosative burst 
involving production of reactive oxygen species (ROS) and nitric oxide (NO). 
Salicylic acid (SA) is a natural phenolic compound, which accumulates under biotic 
stress and controls physiological and biochemical functions in plants. SA plays an 
important role in oxidative and nitrosative stress by modulating the activity of some 
antioxidant enzymes. Polyamines (PAs) are low molecular weight organic compounds 
acting as signal molecules by directly or indirectly involved in the biotic stress 
response pathway. The metabolism of PAs is regulated not just by SA but also by the 
gaseous phytohormone ethylene (ET), which is a key regulator in plant growth and 
developmental process as well as biotic stress response. Furthermore, ET and PAs 
may be an antagonistic relationship because they share a common biosynthetic 
precursor. However, plant immune defence also depends on the environmental factors 
such as light. Excess of light energy under stress conditions leads to oxidative stress, 

















AIMS OF THE WORK 
 
The aim of our work was to study the effects of the sublethal (0.1 mM) and lethal  
(1 mM) concentrations of SA in tomato leaves during normal photoperiod and 
prolonged darkness. The changes in biochemical, physiological and molecular 
processes are determined upon treatment of hydroponically grown tomato with 
sublethal and lethal concentrations of SA. However, in plants, the potential the 
relationship between PAs and ET in the biotic stress has so far not been examined in 
detail. So in order to further address the known interaction between these 
components, we have used the ethylene-insensitive Never ripe (Nr) tomato (Solanum 
lycopersicum L.) mutant, which blocks ethylene responses, after sublethal and lethal 
SA treatment in the presence or absence of light.   
Specifically, these aims are: 
1. How sublethal and lethal SA treatments affect the endogen SA content, 
membrane integrity and malondialdehyde (MDA) content, a biochemical marker 
of lipid peroxidation in the wild type tomato leaves during normal photoperiod or 
prolonged darkness? 
2. How do the activity and gene expression of PA metabolism enzymes and the free 
PAs content change after the sublethal and lethal SA treatment in the presence or 
absence of light. Can PA metabolism regulate the acclimatitation or cell death 
induction? 
3. While it is well established that SA and PA catabolic pathway can induce H2O2 
content, which has been found to play an important role in oxidative stress-
related mechanisms, our experiments focused on O2.-, H2O2, NO content, 
furthermore the activity and expression of antioxidant enzymes during SA 
treatments in light or darkness. Can metabolism of PAs, especially catabolism of 
them and/or activity of antioxidant enzymes contribute to the H2O2 content 
during SA treatment? What are the differences in these components during 
normal photopriod and prolonged darkness?   
4. How do the sublethal and lethal SA treatments affect H2O2 content in the leaves 
of ethylene receptor mutant, Never ripe (Nr) in light and dark? 
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5. How can both SA treatments affect on content of SA-, ET- and free PAs, and the 
activity and gene expression of enzymes involved in PAs metabolism in the 
leaves of ET receptor mutant tomato plants under the two types of light 
conditions? 
6. How does the absence of ET signalling influence on the activity and gene 
expression of the antioxidant enzymes after sublethal and lethal SA treatments? 
What are the differences during light and darkness? 
7. Can ET signalling contribute to the SA-induced mechanisms through the 
activation of PAs metabolism and antioxidants enzymes?  
 
MATERIALS AND METHODS 
• Plant materials and growth conditions 
Wild-type (Solanum lycopersicum Mill. L. cvar. Ailsa Craig) and ethylene receptor 
mutant Never ripe tomato plants were grown in hydroponics, under controlled 
conditions in the greenhouse. 8 weeks old tomato plants were treated with 0.1 mM or 
1 mM SA supplied in the nutrient solution. Half of the plants remained for 24 h under 
the growing light/dark cycle (light samples) or half of them were put into prolonged 
darkness (dark samples). The samples were prepared from the second, fully expanded 
young leaves at least in 3 replicates in case of WT 1, 3, 6, 12, 24 h and in case of Nr 
24 h after the different SA treatments. 
• Salicylic acid extraction and measuring by HPLC 
• Determination of electrolyte leakage by conductivity meter 
• Determination of malondialdehyde content 
• Measurement of free polyamine levels by HPLC 
• RNA isolation, DNase treatment, cDNA qRT-PCR 
• Determination of terminal diamine- and polyamine oxidase activities 
• Histochemical detection of superoxide production 
• Measurement of the H2O2 content by spectrophotometer and histochemical, 
respectively 
• Detection of NO production by fluorescence microscopy 
• Measurement the ethylene production by gas chromatography 
• Determination of antioxidant enzyme activities by spectrophotometer 
• Superoxide dismutase enzyme 
• Catalase enzyme 
• Ascorbate peroxidase enzyme 
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• Guaiacol peroxidase enzyme 
• Native PAGE analysis of NADPH oxidase and antioxidant enzyme activities 
• Determination of protein content 
 
 
After analyses of variance (ANOVA) a multiple comparison followed by Duncan test 































The aim of our work was to study the effects of normal photoperiod or prolonged 
darkness on common features or differences of oxidative stress induced by sublethal 
or lethal concentrations of salicylic acid (SA) in the leaves of tomato (Solanum 
lycopersicum cv. Ailsa Craig). Furthermore, the time- and concentration-specific 
induction of defence signaling was investigated in the leaves of wild type (WT) and 
ethylene (ET) insensitive Never ripe (Nr) mutants. Our work focused on ET-
dependent effects of sublethal (0.1 mM) and lethal (1 mM) SA treatments under light 
and dark conditions on various components of oxidative stress and polyamine (PA) 
metabolism. Furthermore, ET receptor Nr mutants of tomato make it possible to 
analyse the role of ET signaling and the functions of ET in SA-induced H2O2 
metabolism. 
 
Our results can be summarized as follows: 
 
1. In the present study, we demonstrated that sublethal and lethal SA treatments 
could affect H2O2 metabolism differently in the presence or absence of light in 
tomato leaves. Our results confirmed the observation that H2O2 accumulation of 
young leaf tissues was stimulated in the light by SA, but it was delayed and the 
maximum was lower in the prolonged dark period. Moreover, 1 mM SA induced 
higher H2O2 levels in the illuminated leaves than 0.1 mM SA and in these leaves 
two peaks of H2O2 were detected, which cannot be observed in the plants kept 
under prolonged darkness. The lack of the first, priming burst of H2O2 in the dark 
at 1 mM SA suggests that the early source of H2O2 depends on the presence of 
light. 
2. SA has a concentration- and light dependent effects on membrane integrity, 
electrolyte leakage and cell death induction. SA treatments induced not only 
H2O2 accumulation but also the production of NO in a light- and concentration 
dependent manner. These results suggest that high SA concentration effectively 
induced H2O2 and NO accumulation eliciting simultaneous oxidative- and 
nitrosative stress and concomitant cell death in the illuminated leaves. In the 
dark, leaf tissues produced less H2O2 and NO, which remained below the control 
level, the tissues were exposed to moderated stress than in the light, which 
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slowed down the initiation of cell death program. In contrast, the treatment with 
0.1 mM SA generated oxidative stress without nitrosative stress and induced an 
acclimation process during normal photoperiod or prolonged darkness in WT 
plants. 
3. The relative importance of arginine decarboxylase (ADC) and ornithine 
decarboxylase (ODC) activities in putrescine (Put) biosynthesis was different at 
low and high SA because ODC gene has not been induced by 0.1 mM SA. 
However, ODC was highly up-regulated by high concentration of SA suggesting 
that ADC is more important in Put biosynthesis during stress acclimation than 
ODC. It can be concluded that much higher induction occurred after lethal SA 
treatment in SlADC, SlODC and spermine synthase (SlSPMS) expression than 
after sublethal one, but the expression of spermidine synthase (SlSPDS) has not 
been changed significantly with increasing SA concentrations. The expression 
pattern of the PA biosynthetic genes correlated well with the PAs accumulation. 
Thus, it can be concluded that PA biosynthesis exerts a significant control over 
PA level in the first 24 h of SA treatment. 
4. 0.1 mM SA induced DAO activity and the expression of SlDAO1 and SlDAO2 
both in the light and dark, nevertheless 1 mM SA caused much lower induction 
and significant changes occurred only in the dark and not in the light. The 
expression of SlPAO1 at both SA concentrations was significantly higher in the 
dark after 6 h than in control plants but this was not correlated with the terminal 
oxidation of higher PAs. Moreover, we did not find strict temporal coincidence 
between H2O2 accumulation and PA catabolism. This means that ROS production 
by other processes at 1 mM SA can overrun ROS generated by terminal oxidation 
of PAs in actively photosynthesizing tissues. 
5. The NADPH oxidase activity, which is responsible for the fast accumulation of 
superoxide anion radical, was induced by 1 mM SA within an hour under normal 
photoperiod. The expression of the chloroplastic superoxide dismutase (Cu/Zn-
SOD) and mitochondrial Mn-SOD coding genes were increased by 1 mM SA 
treatment in the light samples while there were no major changes at 0.1 mM SA. 
These suggest that the oxidative stress may activate the expression of 
chloroplastic Cu/Zn-SOD and mitochondrial Mn-SOD. However, the enzyme 
activities correlated only slightly with the changes in gene expression. 
Interestingly, both SA treatments inhibited the activity of catalase (CAT) 
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enzyme, which was independent of the illumination. The other H2O2 scavenging 
enzyme, ascorbate peroxidase (APX) exhibited the highest light-dependency after 
SA treatments. In the first hours APX activity was inhibited by 1 mM SA, which 
can contribute in parallel with the inhibition of CAT activity to the first peak of 
H2O2 accumulation. In contrast to APX, guaiacol peroxidase (POD) activity 
increased upon 1 mM SA treatment later under both environments. Thus, POD 
activity can contribute to the decomposition of H2O2 in the dark, which is 
particularly important in the absence of CAT and APX activity in SA-mediated 
protective actions. 
6. SA-induced increases in H2O2 were also observed in Nr plants. The most 
interesting tendencies could be detected at 1 mM SA concentration. While the 
inhibition of ET signalling by the Nr mutation decreased the SA-induced H2O2 
content, EL and necrotic lesions on the leaves in the light compared to WT, but it 
resulted in pronounced H2O2 accumulation, increased EL and higher necrotic 
lesions under prolonged darkness. This suggests that not only SA and ET levels 
but also their signalling pathways are dependent on the presence or absence of 
light. This suggests that the Nr mutants were more tolerant to SA-induced 
oxidative stress than WT in normal photoperiod but they proved to be more 
sensitive during prolonged darkness. 
7. Exogenous application of SA had a concentration dependent impact on PAs 
contents in WT under light and dark conditions, which was most pronounced for 
spermine (Spm) content in 1 mM SA treatment under light and for Put 
concentration in 1 mM SA treatment under dark condition. On the other hand, 
PAs concentration was higher in WT compared to Nr after both SA treatments 
under light and dark conditions. The lack of active ET signalling could decrease 
free PAs content by the inhibition of the expression of PA biosynthetic genes, 
which was most pronounced in case of SlSPMS. Furthermore, decreased PA 
contents may contribute to SA-induced cell death in the leaves of Nr plants. 
8. Nr leaf exhibited almost always higher DAO and PAO activities compared with 
WT even in control conditions. If Nr plants were treated with 1 mM SA, DAO 
activity increased and PAO activity decreased under normal photoperiod, but 
under darkness, activity of both enzymes increased significantly compared to Nr 
control. In our experiments DAO and PAO activity showed strict correlation with 
PAs content. The increased activities of terminal catabolic enzyme may play a 
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role in increased inter-/intracellular levels of ROS (H2O2 and .O2-) under darkness 
in the Nr leaves. 
9. The H2O2 accumulation in WT leaves in response to 1 mM SA treatment is 
mainly determined by increased SOD and decreased CAT activities in the light, 
thus APX and POD proved to be main participants in H2O2 scavenging. In 
contrast, in a prolonged dark period the SOD activity and the expression of 
SlCu/ZnSOD gene were activated in Nr mutants exposed to 1 mM SA but the 
absence of APX and POD activation led to a significant accumulation of H2O2 in 
these samples. These results suggest that the SA-induced H2O2 metabolism is 
regulated by different enzymes in WT and ET signalling mutant plants, which is 




























Author ID: 10039049 
 
Full papers 
(Thesis is based on articles marked by *) 
 
* Zoltán Takács, Péter Poór, Péter Borbély, Zalán Czékus, Gabriella Szalai, Irma 
Tari (2018) H2O2 homeostasis in wild-type and ethylene-insensitive Never ripe 
tomato in response to salicylic acid treatment in normal photoperiod and in 
prolonged darkness. Plant Physiology and Biochemistry (IF: 2.724) 
* Péter Poór, Attila Ördög, Zalán Czékus, Péter Borbély, Zoltán Takács, Judit 
Kovács, Irma Tari (2018) Regulation of the key antioxidant enzymes by 
developmental processes and environmental stresses in the dark. Biologia 
Plantarum pp 1-10. (IF:1.551) 
* Péter Poór1, Zoltán Takács1, Krisztina Bela, Zalán Czékus, Gabriella Szalai, Irma 
Tari (2017) Prolonged dark period modulates the oxidative burst and enzymatic 
antioxidant system in the leaves of salicylic acid-treated tomato. Journal of Plant 
Physiology 213: 216-226. (IF: 2.971) 
Takács Z, Poór P, Szepesi Á, Tari I (2017) In vivo inhibition of polyamine oxidase 
by a spermine analogue MDL-72527, in tomato exposed to sublethal and lethal salt 
stress. Functional Plant Biology 44 (5): 480-492. (IF: 2.81) 
* Zoltán Takács, Péter Poór, Irma Tari (2016) Comparison of polyamine metabolism 
in tomato plants exposed to different concentrations of salicylic acid under light or 
dark conditions. Plant Physiology and Biochemistry 108: 266-278. (IF: 2.997) 
Péter Poór, Judit Kovács, Péter Borbély, Zoltán Takács, Ágnes Szepesi, Irma Tari 
(2015) Salt stress-induced production of reactive oxygen-and nitrogen species and 
cell death in the ethylene receptor mutant Never ripe and wild type tomato roots. 
Plant physiology and biochemistry 97: 313-322. (IF: 2.756) 
Irma Tari, Jolán Csiszár, Edit Horváth, Péter Poór, Zoltán Takács, Ágnes Szepesi 
(2015) The alleviation of the adverse effects of salt stress in the tomato plant by 
salicylic acid shows a time-and organ-specific antioxidant response. Acta 
Biologica Cracoviensia Series Botanica 57: 1: 1-10. (IF: 0.73). 
Poór Péter, Borbély Péter, Kovács Judit, Papp Anita, Szepesi Ágnes, Takács Zoltán, 
Tari Irma (2014) Opposite extremes in ethylene/nitric oxide ratio induce cell death 
in cell suspension culture and in root apices of tomato exposed to salt stress. Acta 
Biologica Hungarica 65:(4) pp. 428-438. (IF: 0.589) 
Irma Tari, Gábor Laskay, Zoltán Takács, Péter Poór (2013) Response of Sorghum to 
Abiotic Stresses: A Review. Journal of Agronomy and Crop Science 4: 264-274. 
(IF: 2.433) 
Ágnes Szepesi, Katalin Gémes, Gábor Orosz, Andrea Pető, Zoltán Takács, Mária 
Vorák, Irma Tari (2011) Interaction between salicylic acid and polyamines and 
their possible roles in tomato hardening processes. Acta Biologica Szegediensis 





Chapter in Book 
 
Tari Irma, Borbély Péter, Csiszár Jolán, Horváth Edit, Poór Péter, Szepesi Ágnes, Takács 
Zoltán (2016) Szalicilsav kémiai edzés hatása a paradicsom sóstressz toleranciájára. In: 
Tanulmánykötet 7. Báthory-Brassai konferencia előadásaiból 2. kötet. Szerkesztők: Prof. 
Dr. Rajnai Zoltán Dr. Fregán Beatrix Marosné Kuna Zsuzsanna. Felelős kiadó: Az Óbudai 
Egyetem kiadványa, Budapest, Magyarország. ISBN 978-615-5460-97-5, pp. 411-419. 
Tari I, Borbély P, Csiszár J, Gémes K, Horváth E, Kovács J, Poór P, Szepesi Á, Takács Z 
(2014) Sóstressz tolerancia fokozása szalicilsavval paradicsomban: az abszcizinsav 
szerepe. In: Fodor Ferenc Paál Árpádtól a molekuláris növénybiológiáig. Tudományos 
ülés Paál Árpád születésének 125. és intézetigazgatói kinevezésének 85. évfordulója 
alkalmából. Budapest, Magyarország. Felelős Kiadó: ELTE TTK Biológiai Intézet, 





Poór Péter, Takács Zoltán, Borbély Péter, Czékus Zalán, Ördög Attila, Szalai Gabriella, Tari 
Irma (2017) Szalicilsav kezelést követő etilénfüggő változások paradicsom növények 
H2O2 homeosztázisában fényben és sötétben. A Magyar Növénybiológiai Társaság XII. 
Kongresszusa. Szeged, Magyarország, 30.08-01.09.2017.  p. 11. 
Borbély Péter, Takács Zoltán, Csíkos Orsolya, Poór Péter, Tari Irma (2017) Exogenous ACC 
treatment affects photosynthetic activity and related parameters of tomato plants in a 
concentration dependent manner. A Magyar Növénybiológiai Társaság XII. Kongresszusa. 
Szeged, Magyarország, 30.08-01.09.2017. p. 43. 
Czékus Z, Csíkos O, Takács Z, Ördög A, Bódi N, Bagyánszki M, Tari I, Poór P (2017) 
Szalicilsav okozta ER stressz hatásának vizsgálata paradicsomban. A Magyar 
Növénybiológiai Társaság XII. Kongresszusa. Szeged, Magyarország, 30.08-01.09.2017. 
p. 44. 
Poór Péter, Czékus Zalán, Borbély Péter, Takács Zoltán, Tari Irma (2017) Növényi 
antioxidáns enzimek szalicilsav kezelést követő etilénfüggő szabályozása sötétben. 
Magyar Szabadgyök-Kutató Társaság IX. Kongresszusa és az MTA ÉKB Mikroelem 
Munkabizottságának Tudományos Ülése. Gödöllő, Magyarország. 25-26.08.2017. p. 15. 
Czékus Zalán, Csíkos Orsolya, Takács Zoltán, Ördög Attila, Bódi Nikolett, Bagyánszki 
Mária, Tari Irma, Poór Péter (2017) Szalicilsav indukálta ER stressz vizsgálata paradicsom 
növényekben. XV. Magyar Növényanatómiai Szimpózium. Budapest, Magyarország, 
07.09. 2017. p. 28. 
Péter Poór, Zoltán Takács, Péter Borbély, Zalán Czékus, Irma Tari (2017) Ethylene 
dependent changes in hydrogen-peroxide homeostasis after salicylic acid treatment in 
tomato. International Conference Plant Molecular Physiology. Bécs, Ausztria, 23-24 Feb. 
2017. p. 21. 
Zoltán Takács, Zalán Czékus, Péter Poór, Irma Tari (2016) Effect of light on the salicylic-
induced oxidative stress in tomato. Closing Conference of Hungary-Serbia IPA Cross-
border Co-operation Programme HUSRB/1203/221/173 „PLANTTRAIN” 23-24 May, 
2016, Novi Sad, Serbia 
Péter Poór, Kovács J, Szepesi Á, Borbély P, Patyi G, Takács Z, Tari I (2016) Salt stress-
induced oxidative stress in ethylene signaling mutant, Never ripe tomato. Closing 
Conference of Hungary-Serbia IPA Cross-border Co-operation Programme. 
HUSRB/1203/221/173 „PLANTTRAIN”.  23-24 May, 2016, Novi Sad, Serbia 
Zoltán Takács (2016) Effect of the light and dark conditions on the salicylic acid-induced 
oxidative stress. Conference of the doctoral school in biology. 17-18 May, 2016. Szeged, 
Hungary 
Poór Péter, Németh Edit, Patyi Gábor, Czékus Zalán, Takács Zoltán, Szepesi Ágnes, Tari 
Irma (2015) Fény és sötét által szabályozott oxidatív robbanás és antioxidáns rendszer 
	 12	
szalicilsav kezelt paradicsom levelekben. A Magyar Szabadgyök-Kutató Társaság VIII. 
Kongresszusa: Budapest, 2015. november 5-6.  
Takács Zoltán, Poór Péter, Szepesi Ágnes, Tari Irma (2015) Exogén szalicilsav kezelés 
fényfüggő hatása a poliaminokra és katabolizmusukra paradicsom növények levelében. A 
Magyar Szabadgyök-Kutató Társaság VIII. Kongresszusa: Budapest, 2015. november 5-6  
Tari Irma, Kovács Judit, Borbély Péter, Takács Zoltán, Szepesi Ágnes, Poór Péter (2015) 
Sóstressz indukált változások a reaktív oxigén és nitrogénformák akkumulációjában 
etilénreceptor mutáns Never ripe és vad típusú paradicsomban. A Magyar Szabadgyök-
Kutató Társaság VIII. Kongresszusa: Budapest, 2015. november 5-6.  
Zoltán Takács, Péter Poór, Ágnes Szepesi, Irma Tari (2015) Comparision of the time-
dependent role of polyamine oxidases under sublethal and lethal salt stress in tomato 
plants. Opening Conference of Hungary-Serbia IPA Cross-border Co-operation 
Programme, HUSRB/1203/221/173 „PLANTTRAIN”. 20-21 April 2015. Szeged, Hungary 
Ágnes Szepesi, Péter Borbély, Ágnes Hurton, Zoltán Takács, Szabolcs Tóth, Izabella 
Kovács, Christian Lindermayr, Irma Tari (2015) Polyamine catabolism under salt stress: 
Inhibiting diamine oxidase by aminoguanidine. Opening Conference of Hungary-Serbia 
IPA Cross-border Co-operation Programme, HUSRB/1203/221/173 „PLANTTRAIN”. 20-
21 April 2015. Szeged, Hungary 
Tari Irma, Csiszár Jolán, Horváth Edit, Poór Péter, Szepesi Ágnes, Takács Zoltán (2014) 
Sóstressz tolerancia fokozása szalicilsavval paradicsom növényekben. Emlékülés Paál 
Árpád születésének 125. és intézetigazgatói kinevezésének 85. évfordulója alkalmából, 
2014. december 16., ELTE, Budapest 
Poór Péter, Kovács Judit, Borbély Péter Gábor, Takács Zoltán, Szepesi Ágnes, Tari Irma 
(2014) Exogén NO hatása a sóstressz indukált fiziológiai válaszreakciókra paradicsomban. 
Magyar Tudomány Ünnepe, Az MTA SZAB Biológiai Szakbizottság ünnepi tudományos 
ülése, Reprezentatív előadások a biológiai munkabizottságok kutatási területeiről, 2014. 
november 26. 
Zoltán Takács; Péter Poór; Ágnes Szepesi; Irma Tari (2014) Role of polyamine catabolism 
in salt stress acclimation of tomato plants. 11th Congress of the Hungarian Society of Plant 
Biology. 27-29 August 2014; Szeged; Hungary 
Zoltán Takács, Ágnes Gallé, Ágnes Szepesi, Péter Poór, Irma Tari (2014) The role of 
polyamine catabolism associated hydrogen peroxide and nitric oxide production in salt 
stress-induced cell death in tomato plants. 8th Scandinavian Plant Physiology Society PhD 
Students Conference. June 16-19th, 2014, Uppsala, Sweden   
Ágnes Szepesi, Péter Poór, Attila Ördög, Zoltán Takács, Irma Tari, Mária Torma, Gábor 
Pálfay (2014) Effect of nitric oxide-generating fungicide ingredient pyraclostrobin on 
abiotic stress responses of maize. Top Science Conference AgCelence in Corn. February 
25-26th, 2014, Prague, Czech Republic 
Takács Zoltán, Gallé Ágnes, Kovács Judit, Poór Péter, Szepesi Ágnes, Tari Irma (2013) A 
poliamin katabolizmus só-stresszben betöltött szerepének tanulmányozása, egy specifikus 
PAO gátlószer az MDL72527 hatására, paradicsom növényekben. Magyar Tudomány 
Ünnepe 2013, MTA SZAB Biológiai Szakbizottság ünnepi ülése II. 2013. november 19, 
Szeged 
Szepesi Ágnes, Borbély Péter, Gellert Attila, Hurton Ágnes, Kovács Judit, Poór Péter, 
Takács Zoltán, Tóth Szabolcs, Tari Irma (2013) Az aminoguanidin hatása sóstressznek 
kitett paradicsom növények poliamin katabolizmusára. Magyar Tudomány Ünnepe 2013, 
MTA SZAB Biológiai Szakbizottság ünnepi ülése II. 2013. november 19, Szeged 
Takács Zoltán, Gallé Ágnes, Kovács Judit, Poór Péter, Szepesi Ágnes, Tari Irma (2013) A 
poliamin katabolizmus só-stresszben és programozott sejthalálban betöltött szerepének 
tanulmányozása, paradicsom növényekben. A Magyar Szabadgyök-Kutató Társaság VII. 
Kongresszusa. 2013. augusztus 29-31, Debrecen, p. 39. 
Szepesi Ágnes, Kovács Judit, Poór Péter, Takács Zoltán, Tóth Szabolcs, Marléne Delauney, 
Tari Irma (2013) Egy diamin-oxidáz gátlószer; az aminoguanidin hatása paradicsom 
növények sóstressz toleranciájára. A Magyar Szabadgyök-Kutató Társaság VII. 
Kongresszusa. 2013. augusztus 29-31, Debrecen, p. 38.  
	 13	
Takács Zoltán, Szepesi Ágnes, Tari Irma (2013) A poliamin katabolizmussal kapcsolt 
hidrogén-peroxid és nitrogén-monoxid szerepe a só-stressz indukálta sejthalál 
kiváltásában, paradicsom növényekben. Sófi József ösztöndíj pályázati konferencia. 2013. 
március 21, Szeged. Elért helyezés: II. hely 
Takács Zoltán, Szepesi Ágnes, Tari Irma (2013) A poliamin katabolizmussal kapcsolt 
hidrogén-peroxid és nitrogén-monoxid szerepe a só-stressz indukálta sejthalál 
kiváltásában, paradicsom növényekben. A Magyar Növénybiológiai Társaság Fiatal 
Növénybiológusok Előadássorozata. 2013. január 25; Szeged. Elért helyezés: III. hely.  
Szepesi Ágnes, Gémes Katalin, Poór Péter, Orosz Gábor, Takács Zoltán, Tari Irma (2011) 
Szalicilsav előkezelt paradicsom növények antioxidáns válaszai só-stressz alatt. A Magyar 
szabadgyök-kutató társaság VI. kongresszusa és az MTA mikroelem munkabizottságának 
tudományos ülése. 2011. május 27-28; Gödöllő. 
Ágnes Szepesi, Jolán Csiszár, Katalin Gémes, Gábor Orosz, Péter Poór, Zoltán Takács, Irma 
Tari (2010) Oxidative stress responses of salicylic acid pre-treated tomato plants during 
salt stress. 11th International Symposium Interdisciplinary Regional Research. October 




Krisztina Bela, Edit Horváth, Ágnes Hurton, Riyazuddin, Zoltán Takács, Sajid Ali Khan 
Bangash, Jolán Csiszár (2017) Investigation of Arabidopsis thaliana glutathione 
peroxidase-like enzymes. New Phytologist next generation scientists: Programme, 
abstracts and participants. Norwich, Egyesült Királyság / Anglia, 24-26. July 2017. p. 34. 
Badics Eszter, Gubala Dorottya, Szegő Anita, Gáspár László, Takács Zoltán, Papp István, 
Kissné Bába Erzsébet (2017) Szárazságstressz indukálta dehidrin fehérjék és gének 
azonosítása uborkában. XXIII. Növénynemesítési Tudományos Nap. 2017. 03. 07. Magyar 
Tudományos Akadémia Budapest, Magyarország 
Péter Poór; Zoltán Takács; Péter Borbély; Zalán Czékus; Gábor Patyi; Irma Tari (2016) 
Involvement of ethylene in hydrogen-peroxide metabolism in the leaves of salicylic-acid 
treated tomato. Plant Biology Europe EPSO/FESPB 2016 Congress. June 26-30, 2016, 
Prague, Czech Republic 
Krisztina Bela; Edit Horváth; Ágnes Hurton; Riyazuddin; Zoltán Takács; Hajnalka Kovács; 
Sajid Ali Khan Bangash; Safira Attacha; Andreas Meyer; Jolán Csiszár. (2016) The role of 
the Arabidopsis thaliana glutathione peroxidases under stress conditions. Plant Biology 
Europe EPSO/FESPB 2016 Congress. June 26-30, 2016, Prague, Czech Republic 
Poór Péter, Takács Zoltán, Nagy Bence, Kecskeméti Anna, Tari Irma (2016) Salicylic acid 
induced hydrogen-peroxide metabolism in ethylene-insensitive Never ripe tomato mutant. 
A fiatal Biotechnológusok II Országos Konferenciája (FIBOK, 2016). 2016. 03. 21-22, 
Gödöllő.  
Péter Poór; Zalán Czékus; Gábor Patyi; Péter Borbély; Judit Kovács; Zoltán Takács; Irma 
Tari. (2016) Investigation of salt stress induced changes in water status, photosynthetic 
parameters and cystein protease activity in wild type and abscisic acid-deficient sitiens 
mutant of tomato (Solanum lycopersicum cv.Rheinland Ruhra). Plant model species 
fundamentals and applications. February 04-05, 2016, Wien, Austria 
Zoltán Takács, Péter Poór, Krisztina Bela, Ágnes Szepesi, Irma Tari (2015) Comparision of 
exogenous salicylic acid-induced polyamine catabolism in the presence of light or in 
darkness in tomato leaf. 12th International Conference on reactive oxygen and nitrogen 
specis in plants: from model systems to field. June 24-26, 2015, p. 105; Verona, Italy 
Péter Poór, Zoltán Takács, Péter Borbély, Ágnes Szepesi, Irma Tari (2015) Light and 
darkness modulate the oxidative burst and enzymatic antioxidant systems in salicylic acid-
treated tomato leaf. 12th International Conference on reactive oxygen and nitrogen specis 
in plants: from model systems to field. June 24-26, 2015, p. 105; Verona, Italy 
	 14	
Ágnes Szepesi; Péter Borbély; Attila Gellert; Ágnes Hurton; Judit Kovács; Péter Poór; Zoltán 
Takács; Irma Tari (2014) Short term analysis of salt stress induced polyamine catabolism 
affected by aminoguanidine and diphenylene iodonium iodide in tomato. 11th Congress of 
the Hungarian Society of Plant Biology. 27-29 August 2014; Szeged; Hungary 
Péter Poór; Ágnes Gallé; Judit Kovács; Zoltán Takács; Péter Borbély; Gábor Patyi; 
Sengnirane Chounramany; Ágnes Szepesi; Irma Tari (2014) Analysis of light dependent 
cis-regulatory elements of hexokinase genes in tomato (Solanum lycopersicum). 11th 
Congress of the Hungarian Society of Plant Biology. 27-29 August 2014; Szeged; 
Hungary 
Péter Borbély; Péter Poór; Judit Kovács; Zoltán Takács; Gábor Patyi; Ágnes Szepesi; Irma 
Tari (2014) Exogenous sodium nitroprussde alleviates salt-induced changes in 
photosynthesis of tomato leaves. 11th Congress of the Hungarian Society of Plant Biology. 
27-29 August 2014; Szeged; Hungary 
Judit Kovács; Péter Poór; Gábor Patyi; Péter Borbély; Ágnes Szepesi; Zoltán Takács; Irma 
Tari (2014) Investigation of salt stress induced changes in cysteine protease activity in 
abscisic acid-deficient sitiens tomato (Solanum lycopersicum) mutant. 11th Congress of the 
Hungarian Society of Plant Biology. 27-29 August 2014; Szeged; Hungary 
Ágnes Szepesi; Péter Borbély; Attila Gellert; Ágnes Hurton; Judit Kovács; Péter Poór; Zoltán 
Takács; Irma Tari (2014) Impact of aminoguanidine on NO content and polyamine 
catabolism in salicylic acid treated tomato plants. 5th Plant NO Club Meeting. July; 24-25, 
2014 München, Germany 
Ágnes Szepesi; Attila Gellert; Ágnes Hurton; Péter Borbély; Judit Kovács; Péter Poór; Zoltán 
Takács; Irma Tari (2014) Effect of aminoguanidine on polyamine catabolism of tomato 
plants during short-term salt stress. Oxizymes 2014. July; 01-04. 2014, Vienna; Austria 
Ágnes Szepesi, Péter Borbély, Judit Kovács, Péter Poór, Szabolcs Tóth, Zoltán Takács, Irma 
Tari (2013) Polyamine catabolism in tomato leaves exposed to salt stress. 6th European 
Workshop on Leaf Senescence. October 14-18, 2013; p. 180. Versailles, France 
Ágnes Szepesi, Péter Poór, Judit Kovács, Zoltán Takács, Ágnes Gallé, Irma Tari (2013) 
Effects of salicilyc acid on polyamine metabolism in tomato plants. Plant Diseases and 
Resistance Mechanism. February 20-22, 2013; p. 68. Vienna, Austria 
Péter Poór; Ágnes Szepesi; Zoltán Takács; Judit Kovács; Irma Tari (2012) Polyamine 
metabolism under salt-induced cell death in tomato plants. Plant Biology Congress, 29 
July- 3 August, 2012; p. 408. Freiburg, Germany 
Szepesi Ágnes, Péter Poór, Kovács Judit, Takács Zoltán, Gallé Ágnes, Tari Irma (2012) 
Short therm effect of salicylic acid on polyamine metabolism in tomato plants. Plant 
Biology Congress, 29 July- 3 August, 2012; p. 792. Freiburg, Germany 
Szepesi Ágnes; Gémes Katalin; Orosz Gábor; Pető Andrea; Takács Zoltán; Vorák Mária; 
Tari Irma (2011) A poliaminok mennyiségi és minőségi változása paradicsomban 
szalicilsav kezelés hatására és lehetséges szerepe a stresszrezisztencia fokozásában. A 
Magyar Növénybiológiai Társaság X. Kongresszusa. 2011. augusztus 31 - szeptember 2; 
Szeged.  
Ágnes Szepesi, Katalin Gémes, Zoltán Takács, Gábor Orosz, Mária Vorák, Péter Poór, Irma 
Tari (2011) The role of polyamines and their metabolism in the regulation of H2O2 level in 
salicylic acid treated tomato plants. 10th International Conference on Reactive Oxygen 
and Nitrogen Species in Plants. July 5-8, 2011; p. 68. Budapest, Hungary. 
